Various substituted 2-aryl-5-aminomethyl-and -5-thiomethyl-1,3,4-oxadiazoles were synthesized in high yields from the corresponding chloromethyl derivatives. Selective oxidation of the sulfides into 5-sulfinylmethyl and 5-sulfonylmethyl-1,3,4-oxadiazoles by dimethyldioxirane under mild conditions was also demonstrated.
Introduction
Derivatives of 1,3,4-oxadiazole constitute an important family of heterocyclic compounds. 1 Since many of them display a remarkable biological activity, their synthesis and transformations have been received particular interest for a long time. The 2-aryl-5-(substituted methyl)-1,3,4-oxadiazoles have been reported to show antibacterial, 2, 3 antifungal, 4 analgesic and antiinflammatory 5, 6 , and hypoglycemic 3 activity. Their synthetic usefulness has also been demonstrated. The 2-azidomethyl-5-(4-chlorophenyl)-1,3,4-oxadiazole, as a 1,3-dipole, added efficiently to norbornene derivatives 7 while 2-phenyl-5-[(2-pyridylium)methyl]-1,3,4-oxadiazole chloride was found to be a good nitrone precursor 8 . Liebscher and his coworkers reported diastereoselective side-chain alkylation of oxadiazoles by using a prolinolyl group as a chiral auxiliary 9 and also the synthesis of bicyclic imidazoles carrying oxadiazolyl moiety. 10 To prepare the corresponding substrates, nucleophilic substitution of 2-aryl-5-chloromethyl-1,3,4-oxadiazoles have usually been applied.
The most popular synthesis of 2,5-disubstituted-1,3,4-oxadiazole based on the thermal or
Results and Discussion
The starting materials 1-3 were synthesized from the corresponding aroyl hydrazides and chloroacetyl chloride according to a reported procedure 4, 15 . From the various conditions of their nucleophilic substitution reported in the literature (2 equiv. of nucleophile in dioxane, 5, 6 1-1.2 equiv. of nucleophile in methanol or ethanol solution in the presence of potassium carbonate 3 , sodium acetate4 or triethyl amine, 9 1 equiv. of nucleophile and 1 equiv. of sodium hydride in DMF 10 , 1 equiv. of nucleophile and potassium carbonate in DMSO solution 15 ), the last one was found to give the highest yields. The reaction of chloromethyl derivatives 1,2 with various amines or hetarenethiols and potassium carbonate in DMSO solution at room temperature gave the expected amines 4,5 and sulfides 6,7 in good yields in 4-6 hrs (Scheme 1). Surprisingly, no reaction was observed upon analogous treatment of 2-chloromethyl-5-(3,4,5-trimethoxyphenyl)-1,3,4-oxadiazole (3) even at a longer reaction period. At higher temperatures the starting material was consumed but the expected product was not obtained. It is very likely that under these conditions the concurrent attack of the nucleophile(s) on the C-2, C-5 carbon atoms of the oxadiazole ring takes place which leads to ring cleavage. 1 When sulfides 6b,7b were treated with dimethyldioxirane 16 (DMD), the corresponding sulfoxides 8b,9b and sulfones 10b,11b were obtained in excellent yields depending on the amount of oxidizing agent used. Treatment of the sulfides with 2-4 equiv. of DMD resulted in the formation of sulfoxides, the synthesis of sulfones required a higher amount (5-8 equiv.) of oxidizing agent. The oxadiazole moiety remained intact (Scheme 1). The measured sulfoxide/sulfone ratio of the crude product in the synthesis of sulfoxides was higher than 9/1 which indicates a good chemoselectivity for the attack of DMD on the sulfur atom of the sulfide unit. This reactivity pattern is characteristic of DMD oxidation although exceptional deviations have also been reported. 17 It is noteworthy that a complete decomposition of the starting 6,7 sulfides without the formation of considerable amount of any sulfoxide or sulfone was found in the attempted oxidation by hydrogen peroxide in acetic acid. Once again, these results demonstrate the synthetic value of DMD in oxygen transfer under mild and neutral conditions.
Scheme 1
The structures of the obtained products were proven by spectroscopic methods. The characteristic1 C=N band (1616-1594 cm-1) of medium intensity and a medium-strong band at 1025-1000 cm-1 were identified in each IR spectra, the latter could be attributed to the C-O-C vibration or heteroatom ring deformation of the oxadiazole ring. 18 The presence of the 1,3,4-oxadiazole unit was supported by the appearance of two quaternary signals (C-2, C-5) in the range δ = 162.5-166.6 ppm of their 13 C NMR spectrum. The oxadiazole ring was found to exert a slight upfield shift (ca. -5 ppm) on the ipso-carbon of the 2-aryl group. In their MS spectra 5-chloromethyl derivatives 1-3 and 5-thiomethyl derivatives 6,7 gave molecular ions of medium intensity and the base peak usually belonged to the corresponding acylium ions and nitrile radical ions which formed by the cleavage of the heteroatom ring. Both of these have been reported as characteristic1 for this family. However, only very weak molecular ion were detected in the spectra of the aminomethyl derivatives 4,5 as the ArCO fragment appeared as a peak of medium intensity and the base peak usually came from the amine side chain. The most important fragmentation pathways are shown by Scheme 2. and its peroxide content was determined iodometrically. Chromatographic separations were performed using silica gel (Merck, 70-230 mesh). Thin-layer chromatography was carried out on Macherey-Nagel precoated silica plate (0.25 mm layer thickness). Melting points were determined on a Boetius hot-stage apparatus and are uncorrected.
1 H NMR and 13 C NMR spectra were recorded with a Gemini 200 spectrometer in CDCl 3 solution unless otherwise specified (internal standard TMS, δ = 0 ppm). Mass spectra were taken on a VG Trio-2 (EI, 70 eV) apparatus. IR spectra were recorded with a Perkin-Elmer 283 instrument in KBr disks. -2-(4-chlorophenyl)-1,3,4-oxadiazole (6b) . From chloride 1 (1.501 g, 6.553 mmol) and 2-mercaptobenzimidazol (0.985 g, 6.558 mmol) as given for 4a. -2-(4-chlorophenyl)-1,3,4-oxadiazole (8b) . Typical procedure. 21 mL of 0.074 M dimethyldioxirane solution in acetone (ca. 2.1 equiv.) was added to a solution of 6b (0.256 g, 0.747 mmol) in acetone (5 mL). The mixture was stirred for 30 minutes at room temperature and monitored by TLC (MeOH-PhMe = 5:1, v/v). After completion (30 min), the solvent was removed under reduced pressure to obtain 239 mg
